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(57) A subterranean formation is treated with a par- 
ticulate-laden fluid and a treatment chemical, whereby 
particulate flowback is reduced or prevented while also 
providing a controlled release of the treatment chemical 
within the formation. A fluid suspension including a mix- 
ture of a particulate, a tackifying compound and the 



treatment chemical, is pumped into the formation and 
depositing therein within whereby the tackifying com- 
pound retards release of said treatment chemical and 
also retards movement of at least a portion of the par- 
ticulate within the formation upon flow of fluids from the 
subterranean formation. 
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Description 

[00011 This invention relates to a method of treating a subterranean formation and, more particularly, to a method 
of providing delayed release of treatment chemicals into a subterranean formation in a substantial* uniform manner 

s and, optionally, for controlling particulate solids transport during the production of hydrocarbons from the formation. 
[0002] Transport of particulate solids during the production of hydrocarbons from a subtenanean formation is a con- 
tinuing problem. The transported solids can erode or cause significant wear in the hydrocarbon production equipment 
used in the recovery process. The solids also can clog or plug the wellbore thereby limiting or completely stopping fluid 
production. Further, the transported particulates must be separated from the recovered hydrocarbons adding further 

io expense to the processing. 

[00031 The particulates which are available for transport may be present due to an unconsolidated nature of a sub- 
terranean formation and/or as a result of well treatments placing particulates in a wellbore or formation, such as, by 
gravel packing or propped fracturing. 

[0004] In the treatment of subterranean formations, it is common to place particulate materials as a filter medium 

is and/or a proppant in the near wellbore area and in fractures extending outwardly from the wellbore. In fracturing op- 
erations proppant is carried into fractures created when hydraulic pressure is applied to these subterranean rock 
formations to a point where fractures are developed. Proppant suspended in a viscosified fracturing fluid Is carried 
outwardly away from the wellbore within the fractures as they are created and extended with continued pumping. Upon 
release of pumping pressure, the proppant materials remain in the fractures holding the separated rock faces in an 

so open position forming a channel for flow of formation fluids back to the wellbore. 

[0005] Proppant flowback is the transport of proppants back into the wellbore with the production of formation fluids 
following fracturing. This undesirable result causes undue wear on production equipment, the need for separation of 
solids from the produced hydrocarbons and occasionally also decreases the efficiency of the fracturing operation since 
the proppant does not remain within the fracture and may limit the width or conductivity of the created flow channel. 

25 Proppant flowback often may be aggravated by what is described as "aggressive" flowback of the well after a stimulation 
treatment. Aggressive flowback generally entails flowback of the treatment fluid at a rate of from about 0.001 to about 
0 1 barrels per minute (BPM) per perforation of the treatment fluids which were introduced Into the subterranean for- 
mation Such flowback rates accelerate or force closure of the formation upon the proppant introduced into the forma- 
tion The rapid flowrate can result in large quantities of the proppant flowing back into the welbore before closure 

30 occurs or where inadequate bridging within the formation occurs. The rapid flowback is highly desirable for the operator 
as it returns a wellbore to production of hydrocarbons significantly sooner than would result from other techniques. 
[0006] Cunently, the primary means for addressing the proppant flowback problem is to employ resin-coated prop- 
pants or resin consolidation of the proppant which are not capable of use in aggressive flowback situations. Further, 
the cost of resin-coated proppant is high, and is therefore used only as a tail-In in the last five to twenty five percent 

35 of the proppant placement. Ftesln-coated proppant is not always effective since there is some difficulty in placing it 
uniformly within the fractures. Another means showing reasonable effectiveness has been to gradually release frac- 
turing pressure once the fracturing operation has been completed so that fracture closure pressure acting against the 
proppant builds slowly allowing the proppant particles to stabilize before flowback of the fracturing fluid and the begin- 
ning of hydrocarbon production. Such slow return is undesirable, however, since it reduces the production from the 

ao wellbore until the treatment fluid Is removed. 

[0007] In unconsolidated formations, it is common to place a filtration bed of gravel in the near-welbore area in order 
to present a physical barrier to the transport of unconsolidated formation fines with the production of hydrocarbons. 
Typically such so-called "gravel packing operations* involve the pumping and placement of a quantity of gravel and/ 
or sand having a mesh size between about 10 and 60 mesh on the U.S. Standard Sieve Series into the unconsolidated 

45 formation adjacent to the wellbore. It is sometimes also desirable to bind the gravel particles together in order to form 
a porous matrix through which formation fluids can pass while straining out and retaining the bulk of the unconsolidated 
sand and/or fines transported to the near wellbore area by the formation fluids. The gravel particles may constitute a 
resin-coated gravel which is either partially cured and subsequently completes curing or can be cured by an overt lush 
of a chemical binding agent once the gravel is in place. It has also been known to add various hardenable binding 

so agents or hardenable adhesives directly to an overflush of unconsolidated gravel in order to bind the particles together. 
[0008] U. S. Patents 5.330,005, 5,439.055 and 5,501 ,275 disclose a method for overcoming the difficulties of resin 
coating proppants or gravel packs by the incorporation of a ftorous material in the fluid with which the particulates are 
introduced into the subterranean formation. The fibers generally have a length ranging upwardly from about 2 millm- 
eters and a diameter of from about 6 to about 200 microns. Fibrillated fibers of smaller diameter also may be used. 

55 The fibers are believed to act to bridge across constrictions and orifices In the proppant pack and form a mat or frame- 
work which holds the particulates in place thereby limiting particulate flowback. The f bere typically result In a 25 percent 
or greater loss in permeability of the proppant pack that is created in comparison to a pack without the fibers. 
[0009] While this technique may function to limit some flowback. it fails to secure the particulates to one another m 
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the manner achieved by use of resin coated particulates. U.S. Patent 5,501 ,274 discloses a method for redueinn nm , 
So^ 

[0013] In one aspect, the invention provides a method of treating a subterranean formatinn whi^h 

- mmmmm 

the tackifying compound-coated particulates and treatment rhnmuol u u* wapenwon, ana aepositlng 

preparation to, Ihe ptriotna*. of th. Ma, f^^T '<»"*>» treat™.! proen. ttt. 

[0020] Surprisingly, ft has been found that the additional material also m»u JTJI' 

upon which a treatment chemfcal is either abso^ or^a^ or^™^, * "! W non-porous substrates 
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the presence or absence of a substrate and its properties. The treatment chemical may comprise gel breakers, such 
as oxidizers, enzymes or hydrolyzable esters that are capable of producing a pH change in the fluid, scale inhibitors, 
biocides, corrosion inhibitors, paraffin Inhibitors or substantially any other chemical which is soluble in the fluids in the 
formation at the temperature conditions within the formation within which it is placed. It has been found that the tackify ing 
5 compound, upon at least partially coating the treatment chemical, retards the dissolution or absorption of the treatment 
chemical by the formation fluids. The treatment chemical is slowly released within the formation by contact with the 
fluids present in the formation. The tackifying compound changes the interfaciai surface tension effects of the fluids in 
contact with the treatment chemicals to reduce wetting of the treatment chemicals by the formation fluids thereby 
reducing the dissolution rate of the chemicals. The presence of the tackifying compound on the particulate or substrate 

10 material causes the treatment chemical containing or coated particles to adhere to and remain dispersed within the 
coated particulate both during mixing, introduction into the formation and upon placement therein. The transported 
treatment chemicals are not subject to the gravity segregation or premature settling from the particulate material with 
which it is introduced. Thus, the treatment chemicals can be uniformly dispersed in a proppant pack or gravel pack 
without undesired segregation or settling to enable uniform release of the treatment chemical within the formation. 

is [0021] The tackifying compound comprises a liquid or a solution of a compound capable of forming at least a partial 
coating upon the substrate material with which it is admixed prior to or subsequent to placement in the subterranean 
formation, in some instances, the tackifying compound may be a solid at ambient surface conditions and upon initial 
admixing with the particulate and after heating upon entry into the welibore for introduction into the subterranean for- 
mation become a melted liquid which at least partially coats a portion of the particulate. Compounds suitable for use 

20 as a tackifying compound comprise substantially any compound which when in liquid form or in a solvent solution will 
form a non-hardening coating, by themselves, upon the particulate which facilitates agglomeration and will increase 
the continuous critical resuspension velocity of the particulate when contacted by a stream of water as hereinafter 
described in Example I by at least about 30 percent over the particulate alone when present in a 0.5 percent by weight 
active material concentration. Preferably, the continuous critical resuspension velocity is increased by at least 50 per- 

2s cent over particulate alone. A particularly preferred group of tackifying compounds comprise polyamides which are 
liquids or in solvent solution at the temperature of the subterranean formation to be treated such that the poryamides 
are, by themselves, non-hardening when present on the particulates introduced into the subterranean formation. A 
particularly preferred product is a condensation reaction product comprised of commercially available polyacids and 
a poiyamine. Such commercial products include compounds such as mixtures of C 36 dibasic acids containing some 

30 trimer and higher oligomers and also small amounts of monomer acids which are reacted with pofyamines. Other 
polyacids include trimer acids, synthetic acids produced from fatty acids, maleic anhydride and acrylic acid and the 
like. Such acid compounds are available from companies such as Witco, Union Camp, Chemtali, and Emery Industries. 
The reaction products are available from, for example, Champion Chemicals, Inc. and Witco. 
[0022] In general, the polyamides of the present invention are commercially produced in batchwise processing of 

& polyacids predominately having two or more acid functionalities per molecule with a poiyamine. As is well known in 
the manufacturing industry, the polyacids and poryfunctional amines are introduced into a reactor where, with agitation, 
the mildly exothermic formation of the amine salt occurs. After mixing, heat is applied to promote endothermic dehy- 
dration and formation of the polymer melt by poiycondensation. The water of reaction is condensed and removed 
leaving the poryamide. The molecular weight and final properties of the polymer are controlled by choice and ratio of 
feedstock, heating rate, and judicious use of monofunctlonal acids and amines to terminate chain propagation. Gen- 
erally an excess of poiyamine is present to prevent runaway chain propagation. Un reacted amines can be removed 
by distillation, if desired. Often a solvent, such as an alcohol, is admixed with the final condensation reaction product 
to produce a liquid solution that can readily be handled. The condensation reaction generally is accomplished at a 
temperature of from about 225°F to about 450°F under a nitrogen sweep to remove the condensed water from the 

45 reaction. The pofyamines can comprise, for example, ethytenediamlne, diethylenetriamine, Methylene tetraamine, ami- 
no ethyl piperazine and the like. 

[0023] The polyamides can be converted to quaternary compounds by reaction with methylene chloride, dimethyl 
sulfate, benzytehloride, diethyl sulfate and the like. Typically the quatemization reaction would be effected at a tem- 
perature of from about 1 00 to about 200* F over a period of from about 4 to 6 hours. 
so [0024] The quatemization reaction may be employed to improve the chemical compatibility of the tackifying com- 
pound with the other chemicals utilized in the treatment fluids. Quatemization of the tackifying compound can reduce 
effects upon breakers in the fluids and reduce or minimize the buffer effects of the compounds when present in various 
fluids. 

[0025] Additional compounds which may be utilized as tackifying compounds include liquids and solutions of, for 
55 example, polyesters, poryethers and porycarbamates, polycarbonates, styrene-butadiene latticies, natural or synthetic 
resins such as shellac and the like. 

[0026] The tackifying compound is admixed with the particulate and the treatment chemical particles in an amount 
of from about 0.1 to about 3.0 percent active material by weight of the coated particulate. It is to be understood that 
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SnS ir, Z ' h0W8V ^ *° lar98f qUantitle8 9enerally *> not increase performance and 

could undesrably ^reduce the permeability of the particulate pack. Preferably, me tackifying compound is a^^ 

0.25 to about 2.0 percent by weight of the coated particulate. 

SSL mI 6 " I*! 6 t ? kif !l n ? 1 . ° 0mP0Und ' 8 Uti " 2ed With ""ft*™**" that is to be admixed with the particulate and 
o™ T ^ ^ rtfa " y Wi * h th ° ^^'"a compound, such as glass fibers or the .Ike. the compound to 

present In an amount of from about 1 0 to about 250 percent active material by weight of me glass fibem chadded 
material and generally from about 0.1 to about 3 percent active material by weigTu of the quantity ovulate w£ 
winch the coated materia, is intimately admbced. Preferably the tackifying compound is presentWan amount oS 
S2 *TTT e ma,erial WWCh * t0 06 at ,ea8t «— *«hthe tackifying "undZ 
contact and coat at least a portion of the particulate with which it is admixed 

EL. ,«t ha K e ^ ,e ^ Whe " Pre8ent ' ° 0mpr,8e8 an W or P henolte resln or °»er compound capable of 
being at least partially coated upon a particulate substrate and then cured to a higher degree of po^ertoatton Ex- 
amples of such resins Include phenol-aldehyde resins of both the resole and novolac iype. 
melam.ne-aldehyde resins, epoxy resins, furfuryl alcoho. resins and the like. The curing may result from headng the 
heir TZ-T?*? 8ueh 88 — with the resole resins or by the addition of a cata^st or croSinke to 
whe^iLfrn T V P °T eriZaUOn - AdmlXtUre8 °' resin8 8uch 88 018 re80le a "<* "ovalac reels may be SLea 
where.nsuffictenl resole resin 's.ncorporated to initiate polymerization in the novalac resin. Various rasins are desc^ 
in 'or example US. Patents 5.420,174; 5,218,038; 5,425,994 and 4,888*40 the entire disctosu3 whkJ amtoS 
porated herein by reference thereto. Particularly preferred resins include epoxy resins such as "ETON Ss?«Sr 
res.n from Shell Chemical Company. Houston. Texas. Phenolic resins such ^Resin 1 866" from Acme Reein CoT 
ration Borden D,v«ion. Forrest Park. Illinois, furan resins such as -ARS-1500- resin from Advanced Resi^Systems 

, l ^L, ? re r.' S admiXe<1 Wrth ,he P artteula,e "n an amount of from about 0.01 to about 5.0 percent by weiaW of 
the particulate. Preferably, the resin Is admixed with the particulate in an amount of from about 0. J a^out * O^erSen 

utilized with the resin to harden the resin and form a consolidated matrix of particulate 
EL JH? ,iquidor80,utlo . n of ^ k ^"9 com Po«"« Weracts mechanically wim the particles of 

Wh^thl S TT 8 ,0 " 10 " mit ° r Pr6Vem the " 0Wback ° f P artfcula ^ to the wellbore during initial flowS 
When the hardenable resin is present, the tackifying compound substantially tails flowback prior to hardening and 
consolidation of the particulates by the hardenable resin. naraemng ana 

The tackifying compound causes the treatment chemical particles admixed with the coated particulates to adhere to 

S^SSSSi: 77'? 27* dtepereed wl,hin the portion of ,he coated p-*-* to Si ttSS! 

S„ J" 008 embodlme "t . Ihe tackrfying compound, when comprised of polyamides that contain reactive sites such 
as am ne groups, may be admixed and contacted with a material that has multi-functional reactive sites which are 
capableof reacting with the reactivesites on thetackifylngcompoundtoformahardreactionproduct which consolidates 
the agglomerates formed by the tackrfying compound. A "hard reaction product" as used herein meant £a fthemSS 

Z „*.♦??, f C ° mprB88,Ve ^"S 1 " ,n a consolidated agglomerate than the tackifying compound alone with 
lZ^ 6 l? ne mean8 .° e r alUa " n9 tha agglomerate to determine whether anLreLeTcT 

S^n^?" 9 ^ ,mP0Und, multituncttonal serial and an admixture as described herein and penetrometer 
S 9 ^? ! 1 9 eqU ' Pm0nt SUCh 38 8 ™ G Pana tronieter from Precision Scientific Company. Chicago 
llinois. Comparison of the penetrometer readings readily demonstrates the change that has occurred as a resul To 

SilTST "I ^TT' ^ teCki,yin9 COmp ° Und 3,80 funCti0 " 8 88 tha h ^' a -sin ^atriaSng 
X™iS7 L f! 88 ,m ; ,Ude C ° mp0Und8 such 88 a «^ «"ch as formaldehyde, dialdehydes suS, S 

^r^r, y T ^"^l 63 SUCh 38 dtric ^"Vd"^. eP°^ and the like. Preferred compounds for use with 
T S "active srtescomprise furfuraidehyde. glutaraldehyde or aldehyde condensates and the like 

oeZ^ST .T'ESi adm ' X8d ^ ma tackify,n9 com P° und in ™ ^""t of from about 0.01 to about 50 
pereen by weight of the tackrfying compound to effect formation of the reaction product Preferably the compound 

^ 'T " 01 -bout 0 5 10 -b0Ml 1 P^" 1 * C the tacking compound 

S . Ti ° r SOM ° n 01 ,aCkify1n9 compound and hardenable resln generaiy are incorporated with the par- 

7hS^!S 2 COnvemto "f "^""S or y^ 81 P«*fng fluids comprised of an aqueous fluid, an aqueous foa^ 

^SSers or me r ,i a ke OT ' " ^ ^ ^ °' "" Vafi0U8 ta "" B bUffer8 

[0033J Generally the tackifying compound and hardenable resin may be incorporated into fluids having a pH in the 
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range of from about 3 to about 12 for Introduction into a subterranean formation. The compounds are useful in reducing 
particulate movement within the formation at temperatures from about ambient to in excess of 300*F. It is to be under- 
stood that not every hardenable resin or tackifying compound will be useful over the entire pH or temperature range 
but every compound is useful over at least some portion of the range and individuals can readily determine the useful 

5 operating range for various products utilizing well known tests and without undue experimentation. 

[0034] The liquid or solution of tackifying compound and the hardenable resin generally are incorporated with the 
particulate as a simultaneous mixture by introduction into the fracturing or gravel packing fluid along with the particulate. 
The treatment chemical may be introduced in a similar manner and may be at least partially coated by the tackifying 
compound or may adhere to the particulate which has been at least partially coated with the tackifying compound. 

w Fracturing fluid slurries are introduced into the subterranean formation at a rale and pressure sufficient to create at 
least one fracture in the formation into which particulate then is introduced to prop the created fracture open to facilitate 
hydrocarbon production. Gravel packing treatments generally are performed at lower rates and pressures whereby 
the fluid can be introduced into a formation to create a controlled particle size pack surrounding a screen positioned 
in the wellbore where fracturing of the formation may or may not occur. The particulate pack surrounding the welibore 

is then functions to prevent fines or formation particulate migration into the wellbore with the production of hydrocarbons 
from the subterranean formation. The treatment chemical then is dissolved by the fluids present in the formation to 
provide the desired treatment. The dissolution may be effected with either the natural formation fluids or a fluid that 
may be introduced into the formation specifically to dissolve the treatment chemical. 

[0035] The gravel packing treatment also may be performed without a screen in the wellbore. In such a screenless 
20 completion, the fluid generally is introduced into the wellbore to fill the perforations and wellbore to a level above the 
perforations and permitted to consolidate. The consolidated pack can then be drilled or reamed out to reopen the bore 
while providing a consolidated pack to screen fines and formation particulate from migrating into the wellbore. When 
the treatment chemical comprises a breaker, uniform dispersion within the particulate pack can result in better clean- 
up of viscosifying agents from the gravel pack and higher pack permeability and less formation damage from the filter 
23 cake. 

[0036] The tackifying compound may be introduced Into the fluid before, after or simultaneously with introduction of 
the particulate into the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced 
into the subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages 
of the treatment to place the intimate mixture in the formation in the vicinity of the wellbore. For example, the tackifying 

30 compound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation 
and the hardenable resin may be added to only the last 1 0 to 20 percent of the particulate laden fluid. In this instance, 
the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the particulate 
will cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into the 
wellbore with any produced fluids. The tackifying compound and hardenable resin may be introduced into the blender 

33 or into any flowiine in which they will contact the material to be at least partially coated by the compounds. The com- 
pounds may be introduced with metering pumps or the tike prior to entry of the treatment fluid into the subterranean 
formation. The treatment chemicals generally will be introduced into those portions of the particulate that are coated 
with the tackifying compound unless the treatment chemical is itself at least partially coated with the tackifying com- 
pound. In this instance, the treatment chemical may be introduced with any of the particulate introduced into the sub- 

40 terranean formation. 

[0037] In an alternate embodiment, the particulate may be premixed with either the tackifying compound or the hard- 
enable resin prior to admixing with a treatment fluid and the other constituents for use in a subterranean formation. In 
some instances, resin precoated particulates may be utilized and the tackifying compound then would be added during 
performance of the subterranean formation treatment. Depending upon the type of resin coating employed, a catalyst 

45 then would be added to the treatment fluid or introduced in a flush fluid or the like. 

[0038] Surprisingly, it has been found that use of the method of the present Invention can produce high permeability 
tunnels extending from weibore perforations back into proppant packed fractures created in the subterranean formation 
which then may be consolidated. Control of the flowback rate of the treatment or formation fluids from the welibore can 
be used to provide a controlled erosion of the treated particulate immediately adjacent a perforation in the wellbore. 

so The flowback rate is controlled so as to provide a level above the initial critical resuspension velocity of the tackifying 
compound but generally is maintained below the continuous critical resuspension velocity. This results in controlled 
production of particulate from the formation. The erosion surprisingly has been found to be very uniform in nature and 
to create a tunnel into the particulate in the formation generally corresponding to the size and shape of the perforation 
in the weibore. After the tunnel is formed, the hardenable resin consolidates the remaining particulate to provide a 

S3 high permeability passage or tunnel from the formation to the wellbore. 

[0039] To further illustrate the present invention and not by way of limitation, the following examples are provided. 
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EXAMPLE I 



[0040] The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the 

XEXZflZ*" r T Pfln8i0n * ** det<mnined ,0r ** "—I- i" «** ^e tacking compound 

is to be coated. The apparatus comprises a 1 or glass tee which is connected to an inlet source of water and an outlet 

U S h 88 d * T 3 " 0 " 8 SCreen " When ,he ,ow " P° rtion * *• t~ is full, the vacuum 

^ m!„T kk . 8 P 9 * U88d l ° 8881 11,8 end °' *• tower port,on 01 ,ne tee- The flow channel from inlet to 
outlet then is swabbed clean and a volumetrlcally controlled pump, such as a "MOYNO" pump, is connected to the 

iSS^SSUr IT ^ ^ 01 * enM b 'ncreased P thro P ugh £ 

Th^^l^T °?' ?" J™ ra,e ^ 18 ,Urt,1er inCreaSOd UnUI 019 removal of P 8 *"*" continuous 
r!ff.2?!S .ft ° r ,h8 com,nuou8 suspension velocity. The test then is terminated and the apparatus 

applied thereto^ Similar trends generally are seen in the results when the concentrations tested are from about 0 1 to 

SlSo T'' TK°f Pe , rc8m l8Ve ' WhiCh " Wtth,n the prefe,Teo Wllcation range is preferred for stand- 
ardlzatlon of the procedure. The test is repeated to determine the starting point of particulate removal and the velocity 
at whch remove become. co^nuou.. Tne percent of veloc^ 

n„ e „S I T 8 f " e V8lU8 - 7,10 reSU,t8 ° f 8eVera ' test8 ,he Purred polyamide of the present 

nvention. and conventronal epoxy and phenolic resins known for use in consolidation treatments in subteJanean 
formations with 12/20 and 20/40 mesh sand are set forth below in Table I suoierranean 



1132S«M3_L> 



7 



EP 1 132 569 A2 



TABLE I 





^ayt icul at e ~: 


Coat'ih^A^rit V • 

^2waw»; r: 
. Pairttfculate 


,', Percsn£v#£ 
Chang 
Starting of ':y 

Sand Partible 
Transport 


Continuous . 


i 


20/40/mesh 
sand 


Hone 


0 


2 


20/40 mesh 
sand 


1/2 percent 
poly amide 


192 


222 


3 


20/40 mesh 
sand 


1 percent 
polyamide 


271 


391 


4 


20/40 mesh 
sand 


1/2 percent 
phenolic 


-0.5 


6.5 


5 


20/40 mesh 
sand 


1 percent 
phenolic 


-9 


-6.8 


6 


20/40 mesh 
sand 


1/2 percent 
epoxy 


-9 


-1.2 


7 


20/40 mesh 
sand 


1 percent 
epoxy 


5.2 


12.2 


8 


12/20 mesh 
sand 


1/2 percent 
polyamide 


228 


173 


9 


12/20 mesh 
sand 


1 percent 
polyamide 


367 


242 


10 


12/20 mesh 
sand 


1/2 percent 
phenolic 


42 


22 


11 


12/20 mesh 
sand 


1 percent 
phenolic 


42 


13 


12 


12/20 mesh 
sand 


1/2 percent 
epoxy 


48 


30 


13 


12/20 mesh 
sand 


1 percent 
epoxy 


38 


15 



[0041] The data clearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated 
with the tackifying compound in comparison to other known formation consolidation agents which require hardening 
to be effective. 

[0042] The test results clearly demonstrate the beneficial results achieved by practice of the method of the present 
invention with respect to proppant production from a simulated formation. 

EXAMPLE II 

[0043] The stabilization properties of the method of the present invention are determined by comparison to untreated 
sand and sand including a tackifying compound. The flowback velocity is measured in an American Petroleum Institute 
approved simulated fracture flow cell. The cell contains Ohio sandstone cores having a proppant bed size of about 1 .5 
inches in height, about 7 inches in length and about 0.25 inches in width between the cores. The bed is initially pre- 
packed with 20/40 mesh sand by introducing the sand into the ceil in an aqueous slurry or a gelled fluid containing 40 
pounds of guar per 1 000 gallons of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a 
perforation. The hole is visible through a sight glass so that proppant production through the hole can be visually 
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TABLE II 
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■ ^ > ^ 


FLUID 


- ADDITIVES £T0 
y S/^/^BY.WT. 

V v;;^; .SANrr S 


FLOW RATE; > 
ml/min AT WHICH 
FAIJiURE QC€?URSC 




l 


water 


None 


84 


f5 


2 


gel 


None 


90 




| 3 


gel 


1% by wt 

T>ol vami A a 
A jr ctuiXUtf 


180 


20 


1 4 


gel 


2% by wt 
polyamide 


384 


25 


5 


gel 


1% by wt 
polyamide and 1% 
out Bakelite 9282 

FP resin 


>3000 1 




6 


gel 

- 


1% by wt 
polyamide and 1% 
by wt Bakelite 
9282 PP resin 


>2600 3 
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pack heated at 2S0°F for 72 hours before testing, no 
sand production during test 

pack heated at 180°P for 4 hours before testing no 
sand production during test 
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[0045] The controlled release properties of the method of the present Invention are determined by comparison to 
SJJund Umreated SUbStrate8 COntainin9 breakere and ^totes containing breaker including a tackifying 

[0046] The breaker utilized comprised sodium persulfate. The solution was prepared by dissolving 3 grams of sodium 
persulfate ,n 100 ml of deionized water. The particular substrates utilized comprised diatomaceous earth and amo" 
phous siHca. The diatomaceous earth substrate was prepared by dissolving 5 grams of sodium persulfate in 10 ml of 
deionized water to which was added 1 0 grams of diatomaceous earth. The sample then was dried for 24 hours In a 
l?J^° UUm °T' ^^P* 6 materiai has a concentration of 0.5 gram sodium persulfate per gram of diatomaceous 
HT. IT* hw !V* e " 8ubstrate was P re P ared ^ dissolving 5 grams of sodium persulfate in 10 ml of deionized 
water to which was added 5 grams of amorphous silica. The sample then is fried for 24 hours in a 140*F vacuum oven 
The sample material has a concentration of 1 gram sodium persulfate per gram of amorphous silica 

Z?LT? le ! are admixed witn a <* uantit * C a crosslinked hydroxypropylguar containing fluid. The gelled fluid 
is prepared by hydratlng hydroxypropylguar In tap water In an amount of 25 pounds per 1000 gallons of fluid A liquid 
boratecontainlngcrossllnkef such as described in U.S. Patent 5.827.804 issued October 27. 1998, the entire disclosure 
T ?' nc ° rp ° rated herein by France, then was admixed with the geDed fluid in an amount of 2 gallons per 1 000 
gallons of fluid. The crosslinks fluid then is admixed with a quantity of 2040 mesh sand. tacKfying^ompound and 
breaker or substrate loaded breaker in a concentration of 2 lbs. sodium persulfate per 1 000 gallons of fluid The tack- 
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Ifying compound was admixed with the sand and substrate prior to admixture with the crosslinked gel resulting in a 
partial coating of the substrate with the tackifylng compound. The tackifylng compound is present in an amount of 1 2 
percent by weight of the sand present. Each sample is placed in a beaker and heated to 150»F in a hot water bath At 
designated inteivals, the viscosity is measured on a Model 35 FANN™ Viscometer. The results of the tests are set 
forth in the Table III, below. 



TABLE III 



Sample No: 


Breaker 


PH 


Tackifylng Compound Present 


Viscosity, cp 


0.5hr 


1hr 


2hr 


3.5hr 


1 


LS 


8.47 


No 


C 


C 


1.5 


1 


2 


LS 


8.40 


Yes 


C 


C 


5 


2.5 


3 


DE 


8.45 


No 


C 


C 


1.5 


1 


4 


AS 


8.47 


No 


C 


C 


3 


1.5 


5 


DE 


8.48 


Yes 


C 


C 


9 


3 


6 


AS 


8.43 


Yes 


C 


C 


80 


5 



DE : dlatomaceous earth substrate with breaker 
AS : amorphous silica substrate with breaker 
C : fully crosslinked fluid 



flW4«]^ The results clearly demonstrate the tackifylng compound delayed the release of the breaker from the substrate 

[0049] While the present invention has been described with regard to that which is currently considered to comprise 
the preferred embodiments of the invention, other embodiments have been suggested and still other embodiments will 

b^^rJi^ U ^ il ^ I ln !!* °" UP ° n reC6iVin9 ,he f0r69Oin9 *«**»tion. I. intended that ail^ch Jnt 
bodiments shall be included wrthin the scope of the present invention as defined by the claims appended hereto. 



Claims 



3. 



4. 



in a partteulate^ontaining fluid suspension a liquid or solution of a non-hardening tackifylng compound whereof 
at least a portion of said particulate is at least partially coated by said compound; mixing wtth at least a portion c5 
i^contacted^h ° u i^Tt ^rifui ^^^^^ ® treatment chemical whereby at least a portion of said treatment Chemical 
is contacted by said tackifylng compound and at least partially coated therewith, whereby the tackifylng compound 
retards release ^of sa,d treatment chemical In said fluid suspension; and depositing the tackifylng compound-coated 
2E?T f nd * eatment chem J teal ln "» ^terranean formation whereby, upon flowing back fluldfrom the for- 
mation, the tackifylng compound-coated treatment chemical is subsequently released within the subterranean 
formation to treat at least a portion of the formation or fluids in contact therewith. suoterranean 

tr^S n^T 8 IT 1 ' 8aid paftiCulatMontainirl 9 «"W suspension is formed by introducing a 

I , Tl Tl I - s " b ' erranean 1omaaon - a *»Mr,9 with at least a portion of said fluid, a particulate whfch 
rs to be introduced Into and deposited within a fracture; and wherein said tackifylng compound c*xnprtses a Za- 
Z* and Mid * 8 f° rtion of 8aid PartfcHate at least partially coated by said compound is suchihat the crtfcal 
resuspens.cn velocity of said at least partially coated particulate is increased by at least 30 percent when tested 
at a level of 0.5% active material by weight over said particulate alone with water 

^n^frpaTuirr ^ — has a — «-'•—■ "** - — •< 

A method according to claim 2 or 3, wherein said polyamide comprises predominantly a condensation reaction 
produrtofad^meractfcontalningso 
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5. A method according to claim 1 , wherein said fluid suspension including a mixture of a particulate material and 
another material comprising a treatment chemical which are at least partially coated with a liquid or solution of a 
non-hardening tackifying compound, is introduced into the subterranean formation through the welfbore. 

6. A method according to any of claims 1 to 5, wherein said tackifying compound is admixed with said particulate in 
an amount of from 0.1 to 3.0 percent by weight of said particulate, preferably in an amount of from 0.25 to 2 percent 
by weight of said particulate. 

7. A method according to any of claims 1 to 6, wherein said tackifying compound is a polyamlde, polyester, polyether, 
polycarbonate, polycarbonate, styrene-butadiene latex, a natural or synthetic resin, or any mixture of two or more 
thereof. 

8. A method according to any of claims 1 to 7, wherein said treatment chemfcal comprises a scale inhibitor, biocide, 
breaker, buffer, paraffin inhibitor or corrosion inhibitor or any mixture of two or more thereof. 

9. A method according to any of claims 1 to 8, wherein said treatment chemical is coated upon or absorbed upon an 
inert porous substrate or a non-porous substrate. 

10. A method according to claim 1 , wherein said tackifying compound comprises at least one member selected from 
polyamides, polyesters, poryethers, polycarbamates, polycarbonates, styrene-butadiene latticies and natural and 
synthetic resins. 
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